ABSTRACT
INTRODUCTION
in such processes as: cell differentiation, morphogenesis, X chromosome inactivation, and genomic imprinting. They may be responsible also for the chromosome instability and the variability and adaptability of an organism. Although the genome of a cell is fairly stable, the epigenome is highly dynamic throughout life and is governed by a complex interplay of genetic and environmental factors [1] .
DNA methylation is a form of epigenetic modification that involves the covalent addition of a methyl group to the 5' position of a cytosine base in a DNA sequence. The reaction is catalyzed by a specific group of enzymes called DNA methyltransferases (DNMT1, DNMT3a, DNMT3b, and DNMT3L), with S-adenosyl-methionine as the methyl donor. DNA methylation occurs mostly at CpG dinucleotides and to a lesser extent at CpA, CpT, or CpC dinucleotides. This DNA methylation is the most intensively studied epigenetic mechanism of gene regulation. It is commonly known that DNA methylation in the gene promoter regions leads to gene inactivation, but on the other hand, methylation in the body of genes induces gene activation. Accumulating lines of evidence indicate that DNA methylation is susceptible to nutritional and environmental influences and alterations in DNA methylation profiles can alter gene expression profiles leading to diverse phenotypes with the potential for increased/decreased productivity and disease risk [2, 9] .
Pesticides are chemicals used to control noxious or unwanted living species. Therefore, they find use in agriculture, in public health for controlling vector-borne diseases, in an industry to protect machinery and products from biological degradation and in "do it yourself " activities, such as gardening [3] . They consist of one or more active agents and several adjuvants which improve their applicability and solubility. In addition to their pestreducing effects, however, they may also affect non-target organisms. These negative effects can be studied at the biochemical, physiological and/or molecular levels [17] .
Up to now the pesticide effect on epigenetic marks/DNA methylation has been explored mostly in humans. The current evidence indicating that epigenetic modifications may mediate the pesticide effect on human health was reviewed by C o l l o t a et al. [3] . V a n d e r P l a a t et al. [18] showed for the first time that occupational exposure to pesticides is associated with differential genome-wide blood DNA methylation in humans. The 690 hypermethylated and 441 hypomethylated sites were revealed between case and control group in the investigation of intrauterine organochlorine pesticide (OCP)-dichlorodiphenyltrichloroethane (DDT) effect on the cord blood genome-wide DNA methylation [20] . K w i a t k o w s k a et al. [10] observed a decrease in global DNA methylation level but an increase of TP53 gene promoter methylation in human peripheral blood mononuclear cells (PBMCs) exposed to glyphosate.
As for animals, e. g. a significant global hypomethylation in the brain and gonad tissues of common carp exposed to the pesticide atrazine (ATR), chlorpyrifos (CPF) and their mixture was found compared to the control fish [19] . It was [4] . The consequence of bisulphite treatment is fragmentation of the DNA sample, so the resulting PCR product should not exceed 300 bp [11] . At present, several free software for the design of MSP primers are available on the internet, e. g. MSPprimer, Beacon designer, Primo MSP, MethMarker, Methprimer, etc.
The glutathione S-transferases (GSTs) represent an im-portant group of enzymes. One of the GSTs major roles is cell protection against xenobiotic substances and products of oxidative stress, conjugating electrophilic and hydrophobic substrates and reactive oxygen species with glutathione. In addition, GSTs show non-catalytic functions modulating signalling processes that regulate cell proliferation, differentiation, and apoptosis [5, 12] . On the base of the amino acid sequence and substrate specificity, 5 classes of GSTs namely GST alpha, mu, pi, theta, and zeta have been described. The bovine GSTP1 gene shows higher than 85 % homology of amino acid sequence with humans [8] .
So far, the aberrant DNA methylation of GSTP1 gene and its pathological effects have been demonstrated mostly in humans. In many cancer types, GSTP1 is affected by hypermethylation and, as a consequence, it has a low expression. G u r i o l i et al. [7] have given an overview on GSTP1 methylation studies in human cancer to have a complete information regarding this promising epigenetic biomarker. Q i a o et al. [16] demonstrated that the methylation frequency of GSTP1 promoter region in patients with acuteon-chronic hepatitis B pre-liver failure (pre-ACHBLF) was significantly higher and the mRNA level significantly lower than in patients with chronic hepatitis B (CHB) or healthy controls (HCs). Hypermethylation in specific promoter CpG units and lower expression of GSTP1 gene have been found in patients with highly myopic cataract (HMC) compared to patients with age-related cataract (ARC) [21] .
The inhibition of the GSTP1 gene expression as a consequence of aberrant methylation may have a significant negative effect on a bovine organism. Hence, in the current preliminary study, we investigated an effect of pesticide Mospilan on the GSTP1 gene methylation in bovine lymphocytes. The specific GSTP1 primers for the MSP were proposed and tested.
MATERIALS AND METHODS

Blood collection and cultivation of blood lymphocytes with Mospilan
Experiments were carried out with two healthy bull donors (Slovak spotted cattle, 5-6 months) and were conducted in accordance with the national and institutional guidelines for the protection of human subjects and animal welfare. The peripheral blood was collected in sterile heparinised syringes (5000 IU.ml (Table 1) . However, we revealed no band in the PCR amplification profiles generated with primers for the methylated GSTP1 gene of either the standard bovine DNA or all control and pesticide-treated DNA samples (results not shown). Unmet -F: the forward primer for the amplification of the unmethylated GSTP1 gene Unmet -R: the reverse primer for the amplification of the unmethylated GSTP1 gene Met -F: the forward primer for the amplification of the methylated GSTP1 gene Met -R: the reverse primer for the amplification of the methylated GSTP1 gene
DISCUSSION
In the present study, we analyzed for the first time an effect of a pesticide on the bovine GSTP1 gene methylation.
According to our knowledge up to now, only one study aimed to analyze a pesticide effect on a gene methylation pattern in bovines. P a l l o t t a et al. [14] studied the cytotoxicity and genotoxicity of a widely used organophosphate pesticide chlorpyriphos (CPF) in bovine spermatozoa.
Along with the observations that the motility and in vitro fertilization rates were significantly reduced in spermatozoa exposed to CPF and the DNA fragmentation and putative chromatin deconstruction appeared to increase at higher pesticide concentrations, the researchers also revealed abnormalities in the methylation pattern. Specifically, while the NESP55-GNAS promoters displayed no DMRs relative to the control, the spermatozoa exposed to 10 μg.ml -1 of CPF showed an increased methylation variance in one region of imprinted XIST promoter. In another study, it was revealed that melatonin reversed a decrease in bovine oocyte maturation induced by the broad-spectrum agricultural pesticide paraquat (PQ), via affecting epigenetic modifications [15] . The researchers observed that melatonin strongly inhibited an increase of trimethyl-histone H3 
